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Cycle  Benefits 


2  s 

»  § 

ft  cs  g 

O  .2  ft. 

§  -S 

i.  ft  ^ 

I 

“  a  S 

2  I  I 

a>  S  -3 

^  .22  ^ 


<U 


a  s:  -g 

O  -I  -r 

^  S  M 

^  i  5« 

O)  ft 

S  sa 

.3  ffl  « 

Sf  fl 

u  I 


'Sd 

•pM 

OJ 

3  ^ 

ft  ^ 


sa  s 

*3 . o 

&  g 

•Sj  I 

•  pN  O 


«  2  o  S 

u  a  £  fl 

w  «  §  r 

a  .2  i 

■a  l2  S.  ^ 

^  s !  2 

t3  4^  a  d 

_ej  -  W)  S 

■m  ■§]  "g  a 

M  ffl  Q  .9 


OX) 

'o 

(J 

a 

o 

a 

X 

o 

u 

ft 

ft 

a 

a 

o 

'o 

•pp 

K/i 

3 

ft 

o 

u 

na 

ft 

a 

a> 

•p.' 

•a* 

s 

3 

o 

a 

u 

o 

^  a 

pfi 

a 

Td 

0^ 

'd 

>► 

a 

•p. 

Xi 

'M 

4^ 

a 

O 

c/2 

•p. 

o 

u 

a> 

c/1 

3 

a 

a 

a 

<ii 

P«M 

g 

pO 

u 

o 

a 

Tn 

o 

as 

ft 

CA 

•pp 

a 

a 

OX) 

4> 

a 

a 

•PM 

1 

ft 

o 

• 

Vehicle  designer’s  options  are  broadened  considerably 


RBCC  Engine  Operating  Modes 


Enables  low  cost  DoD  and  commercial  space  launch  systems 
Provides  trans^atmospheric  vehicle  capability  enabiing  many  new 


RBCC  Engine  Description 


RBCC  History 


Hyper  jet 
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Rocket  Engine  Nozzle  Ejector  (RENE) 


AIRIHLET 


Rocket  Engine  Nozzle  Ejector  (RENE) 


Detailed  Hardware  View  of  the  LO2/ RP-1  12  Thrust  Chamber  Cluster  at 

Water-Cooled  Thrust  Chamber  Assembly  NASA  MSEC  Test  Laboratory 

Used  in  the  Air- Augmented  Cluster 


Rocket  Engine  Nozzle  Ejector  (RENE) 


12  Thrust  Chamber  Cluster  at  MSEC  Rocket  Cluster  Firing 

NASA  MSFC  Test  Laboratory  LOj  /  RP-1, 12x500  Ib^thrust,  1000  psi 


Inlet  Flow  Entrainment 


Inlet  ( secondary)  airflow  provides  substantial  rocket  performance  augmentation 

-  Induced  air  mixes  and  burns  with  fuel-rich  gases  from  the  primary  rocket  exhaust 

-  Improvements  occur  in  both  engine  thrust  and  Isp 


The  Ejector  Ramjet  Engine 
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Fixed  and  variable  area  throats  (translating  plug  nozzle) 
Hydrogen  /  oxygen  propellants 
Hydrogen-peroxide  /  JP-4  propellants 


The  Ejector  Ramjet  Engine 


The  Ejector  Ramjet  Engine 


Integrating  RBCC  and  LACE 
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Several  high  performance  engine  concepts  were  derived 


Basic  Liquid  Air  Cycle  Engine  (LACE)  RBCC  LACE  Ejector  Ramjet  (RAMLACE) 


Flightweght  LACE  Concept 
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LACE  remains  an  attractive  option  up  to  speeds  in  the  range  of  Mach  5-6 

-  Performance  falls  off  drastically  at  higher  speeds  due  to  inlet  momentum  penalties 

-  A  diverse  set  of  approaches  were  explored  to  further  enhance  performance 
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-  Lockheed  California  provided  the  hypersonic  vehicle  design  expertise 

mphasis  was  on  two-stage  horizontal  takeoff  and  landing  concepts 

-  First  stage  was  powered  by  a  range  of  ‘‘composite”  A/B  -  rocket  engines 

-  Second  stage  used  advanced  hydrogen  /  oxygen  rocket  propulsion 


The  NAS7-377  Study 
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Supercharged  Ejector  Ramjet  (SERJ)  engine  (nearer-term  technology) 
ScramLACE  (SL)  engine  (‘‘further  out”  technology) 


NAS7-377  Vehicle  Concepts 


Lifting  Body  System 


NAS7-377  Lessons  Learned 


Conducted  special  studies  on  points  of  interest  emerging  from  the  basic  study 
All  total,  a  nine  volume  final  report  set  resulted 


Genesis  of  SERJ 


SUPERCHARGED  EJECTOR  RAMJET 


Integrated  Performance  Analysis 
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Aerothermodynamics 
Mass  properties 
System  level  optimization 


Integrated  Performance  Analysis 


RBCC  Engine  Envelope 


Airbreathing  Engine  Performance  Profiles 


Mach  Number 

Note:  Hydrocarbon  fuels  offer  legist icaliy  supportable  aircraft-llke  operations. 


Airbreathing  Engine  Performance  Profiles 


Mach  Number 

Note:  Hydrocarbon  fuels  offer  logistically  supportable  aIrcraft-like  operations. 


Representative  RBCC  Flight  Profile 
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Payoffs  of  Combined  Cycle  Engines 
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Longer  duration  launch  window 
Increased  safety  (abort  options) 


Comparison  of  I*  versus  Mass  Fraction 
for  AU-Rocket  and  RBCC  Systems 
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Two-Stage  vs.  Single-Stage-To  Orbit 
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Less  sensitive  to  weight  growth 

Denser  hydrocarbon  propellants  are  attractive « 


AFRL  Parametric  Comparison  of  Hypersonic 
Space  Lift  and  Global  Reach  Concepts 


Propulsion  Characteristics 
Vehicle  Mass  Fractions 
Trajectory 


Single,  or  iirst,  stage  rocket  propulsion  assumptions: 

-  Two  broad  categories  assumed: 

■  Hydrocarbon  &  LOX,  Igp  «  340  sec  vac 

■  LH2&LOX,I,p  =  450secvac 

Upper  stage  propulsion,  when  applicable,  Igp  «  320  sec  vac 


Vehicle  Mass  Accounting 
Space  Lift  Concepts 


£  3 

O  5  o8 

£  ^  -D 
^  3  « 

«  O  -2 

2>  o  > 

C  (0 


8  >* 

O  A) 

(0  ^ 
Ui  0 

s  ■= 

(w  4-ii 

E  « 

4)  £ 


O-S 

i  & 

</)  u 


s'  ™ 

i 

s  ii 

s>  t  o 

^ 

3  <  QL 


>>  D) 

=g  .£ 

8  c 

<D  § 

0  O 

m  ^ 
TO  O 

(0  (0 

Q.  W 

o  S 
o  ^ 
c  ^ 
o  ^ 

=  s 

^  N 

(/)  0 

^  ■« 
(0  0) 

£  E 

a>  E 

J=  (S 

H  a 


<0 

c 

o 


si 

^  o 
^  ®  5fc 

O 

--  (5  ® 

-I—*  v* 

£  o  *- 
«  o  to 

«  2  C  -S'  5 

£  «  =  I  2 

**"  to  ®  ^  ^ 
(0  ®  0.0  « 
5S  E  2 1:  S 

Si  ® 

”  Q.  £  ®  ’O) 
^  ^  ffl  ® 

O  ®  o  >  £ 

*££  ffi  oj 
.«  ffl  CO  £  — 

OC  U.  Q.  « 


uohoeja  $$e|/\|  ^ASliladojd  aioti[eA 


Engine  t/W 


Space  Lift  Concept  Comparison 

Payload  to  Orbit  Performance  Calculations 
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AFRL  Space  Lift  Concept  Comparison 
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Comparison  Uluminates  the  potential  of  each  concept 

Fmprging  propulsion  technology  offers  significant  performance  improvements 


Reusable  Military  Aerospace  Vehicle 

(RMAV)  Study 
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Conducting  a  detailed,  iterative  synthesis  process  involving 
many  design  parameters  and  internal  variables 

-  Including  assessment  of  technology  readiness  and  development  schedule 


Integrated  Performance  Analysis 
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NASA  Marshall  Space  Flight  Center 
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Future  Prospects 
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Future  Prospects 
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using  hydrocarbon  fuels . 

RBCC  technology  holds  the  promise  of  routine  access  to  space 

-  Vehicle  robustness 

-  Increased  payload  mass  fractions 


